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Introduction
In principle, quantum mechanics can exactly describe any system of quantum particles-from single electrons to unwieldy proteins-but in practice this is impossible for even moderately interesting systems as the number of equations grows exponentially with the number of particles.
A well known example is the fundamental problem faced in quantum chemistry, calculating molecular properties such as total energy of the molecule. In principle this is done by by solving the Schrödinger equation; in practice the computational resources required increase exponentially with the number of atoms involved and so approximations become necessary. Recognising this, in 1982 Richard Feynman suggested using quantum components for such calculations. It wasn't until the 1990's than a quantum algorithm was proposed where the computational resources increased only polynomially in the problem size, and experimental implementations are even more recent, e.g. a photonic quantum computer was used in 2010 to obtaining the energies-at up to 47 bits of precision-of the hydrogen molecule, H 2 [1] .
Here we examine the state of play in photonic quantum simulation, highlighting the difference between wave-mechanics simulations, which can be done with single photons or classical light, and quantum-mechanics simulations, which require multiple photons. Along the way we look at phenomena and problems from biology, chemistry, computer science, and physics, including zitterbewegung, enhanced quantum transport, quantum chemistry, and topological phases. We discuss the latest advances in photon technology, notably sources [2] detectors, and nonlinear interactions, and the implications for large-scale implementations in the near to medium term, e.g. in the BOSONSAMPLING problem [3] .
Experimental BOSONSAMPLING
The extended Church-Turing thesis posits that any computable function can be calculated efficiently by a probabilistic Turing machine. If this thesis held true, the global effort to build quantum computers might ultimately be unnecessary. The thesis would however be strongly contradicted by a physical device that efficiently performs a task believed to be intractable for classical computers. BOSONSAMPLING-the sampling from a distribution of n photons undergoing some linearoptical process-is a recently developed, and experimentally accessible example of such a task [4] .
Here we report an experimental verification of one key assumption of BOSONSAMPLING: that multi-photon interference amplitudes are given by the permanents of submatrices of a larger unitary describing the photonic circuit. We built a tunable photonic circuit consisting of a central 3x3 fiber beamsplitter, Fig. 1 , and exploited orthogonal polarization modes to extend the network to 6x6 modes. We developed a direct characterization method [5] to obtain the unitary description of this network and compared theoretical interference patterns predicted from this unitary with an experimental signature obtained via non-classical interference of three single photons [3] . 
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Experiment
Here we report an experimental verification of one key assumption of BosonSampling: that multi-photon interference amplitudes are given by the permanents of submatrices of a larger unitary describing the photonic circuit. We built a tunable photonic circuit consisting of a central 3x3 fiber beamsplitter ( Fig. 1 ) and exploited orthogonal polarization modes to extend the network to 6x6 modes. We developed a direct characterization method [2] to obtain the unitary description of this network and compared theoretical interference patterns predicted from this unitary with an experimental signature obtained via non-classical interference of three single photons [3] . Our results show good agreement with theory, and we can rule out an explanation of the observed interference via classical means. We conclude that small-scale BosonSampling can be performed in the presence of unavoidable optical loss, imperfect photon sources, and inefficient detection [3] .
To reach a regime of 20 to 30 photons, where BosonSampling experiments are expected to start outperforming modern computers, we need to precisely quantify the contributions of realistic noise created in current photon sources. To this end, we modeled the detrimental effects of spectral and photon-number impurity [4] of Our results show good agreement with theory, and we can rule out an explanation of the observed interference via classical means, see Fig. 2 . We conclude that smallscale BOSONSAMPLING can be performed in the presence of unavoidable optical loss, imperfect photon sources, and inefficient detection [3] .
To reach a regime of 20 to 30 photons-where BOSONSAMPLING experiments are expected to start outperforming modern classical computers-we need to precisely quantify the contributions of realistic noise created in the chosen single-photon source. To this end, we modelled the detrimental effects of spectral and photon-number impurity [6] of independently generated photon pairs on the expected multi-photon interference patterns. We tested our model by fully mapping out three-photon interference as a function of individual temporal delays. While a full-scale demonstration is still out of reach, our results promise that a scaling-up of BOSONSAMPLING to single-photon numbers reached in state-of-the-art quantum optics experiments is feasible. Fig. 2 . Three photon quantum interference visibilities are shown by the sold pink bars for the photon output combinations given underneath each bar. The blue envelope shows the predicted interference visibilities given by an independent characterisation of the photonic circuit. The yellow circles show the value of interference visibilities one would expect given classical state inputs into the circuit. The red and blue boxes show the errors on each data point.
